The association between dietary vitamin K intake and the risk of fractures is controversial. Therefore we perform a meta-analysis of cohort or nested case-control studies to investigate the relationship between dietary vitamin K intake and the risk of fractures. A comprehensive search of PubMed and EMBASE (to July 11, 2016) was performed to identify cohort or nested case-control studies providing quantitative estimates between dietary vitamin K intake and the risk of fractures. Summary relative risk (RRs) with corresponding 95% confidence intervals (CIs) were pooled by using a random-effects model. Four cohort studies and one nested case-control study, with a total of 1114 fractures cases and 80,982 participants, were included in our meta-analysis. Vitamin K intake in all included studies refers exclusively to the intake of phylloquinone (vitamin K 1 ), which is the predominant form of vitamin K in foods. We observed a statistically significant inverse association between dietary vitamin K intake and risk of fractures (highest vs. the lowest intake, RR = 0.78, 95% CI: 0.56-0.99; I 2 = 59.2%, P for heterogeneity = .04). Dose-response analysis indicated that the pooled RR of fracture for an increase of 50 mg dietary vitamin K intake per day was 0.97 (95% CI: 0.95-0.99) without heterogeneity among studies (I 2 = 25.9%, P for heterogeneity = .25). When stratified by follow-up duration, the RR of fracture for dietary vitamin K intake was 0.76 (95% CI: 0.58-0.93) in studies with more than 10 years of follow-up. Our study suggests that higher dietary vitamin K intake may moderately decrease the risk of fractures.
Introduction
Fractures is one of the major worldwide health problems, which have serious consequences, leading to disability, morbidity, and mortality. Bone mineral density (BMD), body mass index (BMI), low physical activity, cigarette smoking, diabetes mellitus, and stroke have been identified as major risk factors for fractures. [1] [2] [3] [4] [5] [6] Lifestyle factors, including nutrition supplements, are believed to play an important role in the prevention of fracture.
Vitamin K, which is best known for function of blood coagulation, may also play a role in bone metabolism and bonerelated disease. [7] Lots of epidemiologic studies have reported that lower vitamin K levels may lead to an adverse outcome on BMD and increase fracture risk. [8, 9] Booth et al [10] performed a crosssectional study and found that low plasma vitamin K level was associated with low BMD at the femoral neck in men, and with low BMD at the spine in women without using estrogen replacements. Another case-control study conducted by Torbergsen et al [9] showed that low plasma vitamin K level was associated with risk of hip fracture. The adjusted odds ratio for per ng/mL increase in plasma vitamin K level was 0.07 [95% confidence interval (95% CI): 0.02-0.32]. Huang et al [11] performed a meta-analysis for vitamin K2 supplement, and found that vitamin K2 supplement may improve the vertebral BMD.
However, only few epidemiologic studies focused on the relationship between dietary vitamin K intake and the risk of fracture, and the findings were inconsistent. [12] [13] [14] [15] [16] To the best of our knowledge, there has been no comprehensive quantitative assessment of the association between dietary vitamin K intake and the risk of fracture. Therefore, we perform this meta-analysis to estimate the evidence from prospective cohort studies and nested case-control studies on the relationship between dietary vitamin K intake and the risk of fractures. Vitamin K intake in all included studies refers exclusively to the intake of phylloquinone (vitamin K 1 ), which is the predominant form of vitamin K in foods. [12] [13] [14] [15] [16] 2. Methods
Search strategy and data sources
This meta-analysis was according to the PRISMA statement and the MOOSE guidelines. [17, 18] Because our study was performed on the basis of previous studies, the ethical approval and informed consent were not required. We performed a systematic literature search of PubMed and EMBASE from January 1966 through July 11, 2016. We used medical subject headings (MeSH) words and free text words ("vitamin K" OR "phylloquinone" OR "menaquinones") AND "fracture" to identify relevant studies. We also reviewed the reference lists of relevant articles and additional relevant publications. No language restrictions were restricted.
Selection criteria
Studies were appropriate for inclusion in this study if they met the following inclusion criteria: (1) prospective cohort study or nested case-control study; (2) the exposure of interest was dietary vitamin K intake; (3) the outcome was fracture; and (4) the studies reported relative risks (RRs) and 95% CIs for continuous variable of vitamin K intake or at least 3 quantitative categories of vitamin K intake. The studies were excluded if they did not meet the inclusion criteria. If the same population was investigated in more than 1 prospective cohort study or nested case-control studies, we included the study with the longest follow-up duration.
Data extraction
Two independent investigators (GH and GZ) extracted related information using a standardized data collection form. For the reliability data extraction, there was a third investigator (XG) checking all the data. The following data were extracted from each study: last name of the first author, publication year of the study, the country of the study, the sex of participants, the age of participants, years of follow-up, total participants, fracture site, the number of fractures, fracture ascertainment, vitamin K assessment, covariates adjusted for in the multivariable analysis, and RR estimates with corresponding 95% CIs with the greatest degree of control for potential confounders. The study quality was assessed by the 9-star Newcastle-Ottawa Scale.
Statistical analysis
All statistical analyses were performed with Stata version 12.0 (Stata, College Station, TX). For the highest versus lowest mateanalysis, we pooled study-specific RRs and 95% CIs to evaluate the associations between dietary vitamin K intake and the risk of fracture using a random-effects model. The possible heterogeneity among studies was examined by Cochrane Q test and the Cochran I 2 statistics. [19] If P value for heterogeneity was <.1, according to Higgins et al, [20] I 2 values were considered of <25% as low heterogeneity, 25% to 50% as moderate heterogeneity, and >75% as high heterogeneity.
To assess the dose-response relationship between dietary vitamin K intake and the risk of fractures, we conducted a metaanalysis of dose-response categorical data. Referring to Feskanich et al, [12] who use 50 mg for each quintile, we determined 50 m g/day as a cut-off point. We estimated an RR with 95% CI for an increase of 50 mg dietary vitamin K intake per day for each study. We computed the trend from the correlated log RR estimated across categories of dietary vitamin K intake, according to Greenland and Longnecker [21] and Orsini et al. [22] We used restricted cubic splines with 3 knots by employing generalized least-squares regression to examine the potential nonlinear dose-response associations. A probability value for nonlinearity was calculated by testing the null hypothesis that the coefficient of the second spline was equal to 0. [22] Moreover, for each vitamin K category, we assigned the mean intake (or median if mean was not available), along with RR with its 95% lower and upper bounds, the number of cases, and amount of person-years. If the median or mean dietary vitamin K intake for each category was not provided, we assigned the midpoint data of each category as the median intake. [23] If the highest category or the lowest category was open-ended, we assigned that the boundary had the same amplitude as the closest category. [23] Subgroup analyses according to gender and length of followup were performed to assess the potential effect modification of these variables on results. The publication bias was assessed using Begg, Egger tests, and "trim and fill" analysis [24] [25] [26] . The "trim and fill" analysis considered the possibility of hypothetical "missing" studies, then imputed their RRs, and got a pooled RR that combined the hypothetical missing studies as if they actually existed. [24, 26] All statistical tests were considered P < .05 to be statistically significant. Figure 1 showed the procedure of the study selection. A total of 891 potential studies were identified from the PubMed and Embase databases. After assessment of title and abstract, 17 full texts were retrieved and assessed for more detail. Then, we excluded 12 studies because of lack of relevant outcome of vitamin K intake, fracture, or editorials and comments without original data. Finally, there were 4 cohort studies and 1 nested case-control study, included in our meta-analysis. [12] [13] [14] [15] [16] 
Results

The characteristics of included studies
The characteristics of the included studies about dietary vitamin K intake are summarized in Table 1 . These studies were published between 1999 and 2012, including 80,982 total subjects and 1114 fracture cases. Three studies included men and women, and 2 studies included only women. Three studies were conducted in the United States, 1 each study was from Denmark, Norway, and China. The fractures were assessed using confirmed self-reported, medical, and radiological report. Dietary vitamin K intake was assessed with a food-frequency questionnaire (FFQ) in 4 studies, only 1 study used 4-day or 7-day food record. Vitamin K intake in all included studies refers exclusively to the intake of vitamin K 1 . All subjects were more than 30 years old. Duration of follow-up for the included studies ranged from 6.9 to 10 years. Most studies provided RRs that were adjusted for age, BMI, BMD, physical activity, vitamin D and calcium intake, smoking, and alcohol consumption. 
Adjustments
Feskanich et al [12] (United States) Booth et al [13] (United States) Rejnmark et al [14] (Denmark) Apalset et al [15] (Norway) Chan et al [16] (China) Figure 2 showed the pooled RR and 95% CI of fracture for the highest versus lowest dietary of vitamin K intake for each study and all studies combined. The present meta-analysis showed that the pooled RR of dietary vitamin K intake for total fracture is 0.78 (95% CI: 0.56-0.99). Moderate heterogeneity was observed (I 2 = 59.2%, P for heterogeneity = .04).
Main analysis
Subgroup analysis
Subgroup analyses according to gender (Fig. 3) and length of follow-up (Fig. 4) were performed. The results showed that there was a statistically significant inverse association between dietary vitamin K intake and risk of total fractures in studies that contained both men and women (RR = 0.77, 95% CI 0.61-0.94, I 2 = 76.6%, P for heterogeneity = .01), but not in studies that contained only women (RR = 0.87, 95% CI 0.64-1.10, I 2 = 0%, P for heterogeneity = .36). Moreover, the results stratified by follow-up duration showed that there was a statistically significant inverse association between dietary vitamin K intake and risk of total fractures in studies with more than 10 years of follow-up (RR = 0.76, 95% CI 0.58-0.93, I 2 = 30.2%, P for heterogeneity = .24), but not in studies with less than 10 years of follow-up (RR = 0.87, 95% CI 0.66-1.07, I 2 = 84.3%, P for heterogeneity = .01).
Publication bias
The Begg and Egger tests did not show any substantial asymmetry (P = .33 for Begg test and P = .36 for Egger test). Further trim and filled meta-analysis showed that there were no trimming data added.
Dose-response meta-analysis
Dose-response meta-analysis indicated that the pooled RR of fracture for an increase of 50 mg dietary vitamin K intake per day was 0.97 (95% CI: 0.95-0.99) without heterogeneity among studies (I 2 = 25.9%, P for heterogeneity = .25, P for nonlinearity = .13). The Begg and Egger tests did not show any substantial asymmetry (P = .50 for Begg test and P = .32 for Egger tests). Further trim and filled meta-analysis showed that there were no trimming data added.
Discussion
To our knowledge, the present study is the first meta-analysis of the association between dietary vitamin K intake and risk of fractures. Our meta-analysis including 80,982 total subjects and 1114 fracture cases showed that there was a significant inverse association between dietary vitamin K intake and risk of fractures. The subjects with the highest intake of dietary vitamin K were found to have a 22% reduction in the risk of fractures (95% CI: 0.56-0.99), when compared with the lowest intake. An increase of 50 mg in intake of dietary vitamin K per day was associated with a 3% decreased risk of total fractures.
Several potential mechanisms have been proposed for the associations between dietary vitamin K and fracture harm. Vitamin K has a classic role in the function of several coagulation factors. [27] Moreover, vitamin K also has an important role within bone formation. [27] Osteocalcin is a vitamin K dependent protein, which is produced by the osteoblasts during bone formation and impact the synthesis and regulation of bone matrix. [28] The apoE genotype, which may play a role in the level of serum cholesterol and triglycerides, has been suggested to influence skeletal health through the transport of vitamin K to bone. [29] The persons who carry the apoE4 allele have a lower BMD and increased risk of fracture, which may be attributed to inadequate vitamin K transport to the bone. [29] [30] [31] [32] Multiple signaling pathways related to bone are vitamin K dependent. [33] Experimental study showed that vitamin K can inhibit the differentiation of osteoclast. [34] Moreover, interleukin (IL)-6 is a stimulator for osteoclastic activity in bone remodeling, and if treated with vitamin K can decrease the levels of IL-6 in rats with high levels of IL-6. [35] Moreover, Cadir et al [36] found that administration of vitamin K(1) and fluoride resulted in an additional increase in vertebral bone mass in growing rats. Another study examined the effects of the long-term addition of vitamin K1 or vitamin K2 to a control diet on BMD, bone strength, body composition, and serum parameters in rats. And the results showed that the addition of vitamin K1 to the basic control diet significantly increased the BMD of the femur after 3 months. The addition of vitamin K1 or vitamin K2 significantly decreased the total fat accumulation and serum triglycerides compared with the control. [37] In addition, several previous meta-analyses investigated the associations between oral vitamin K supplementation and the risk of fractures and BMD. Cockayne et al [38] performed a metaanalysis to assess whether oral vitamin K supplementation can impact bone loss or fracture risks. And the authors found that oral vitamin K supplementation can reduce the fracture risk (odds ratio was 0.40 for vertebral fractures, 0.23 for hip fractures, and 0.19 for nonvertebral fractures). Fang et al [39] performed a metaanalysis focusing on the associations between oral vitamin K supplementation and BMD, and results showed that oral vitamin K supplementation might be efficacious in increasing BMD at the lumbar spine but not at the femoral neck. Another meta-analysis conducted by Huang et al [11] found that oral vitamin K2 supplementation may significantly improve the vertebral BMD for both medium-term and long-term results in postmenopausal women with osteoporosis. These above results may support our conclusion.
Our meta-analysis has several strengths. First, our metaanalysis was based on prospective studies, and the recall and selection bias was minimized. Second, individual epidemiological studies had insufficient statistical power and may lead to inconsistent results. Our meta-analysis including a large number of participants and fracture cases may enhance the statistical power and solve the inconsistency of the studies on the relationship between dietary vitamin K intake and risk of fractures. Moreover, our results showed a significant dose--response relationship between dietary vitamin K intake and risk of fractures, which thereby further strengthened this association.
Our meta-analysis also has several limitations. First, as a metaanalysis, the residual confounding factors are always of concern in the included studies, and the possibility that other risk factors may impact the observed association between dietary vitamin K intake and risk of fractures. However, most of the studies were adjusted for a wide range of potential confounding factors, including age, BMI, BMD, physical activity, vitamin D and calcium intake, smoking, and alcohol consumption. Second, random misclassification of dietary vitamin K intake may impact the results. However, the adjusted RRs were assessed on the basis of the highest categories compared with the lowest categories of dietary vitamin K intake, and the wide ranges of dietary vitamin K intake may reduce this bias. Third, in our meta-analysis, 3 studies included men and women and 2 studies included only women. We could not examine the association between dietary vitamin K intake and risk of fracture in men. Moreover, subgroup analysis showed that no statistically significant association between dietary vitamin K intake and risk of total fractures was observed in studies of women. Because only 2 studies investigated in women, this result should be interpreted with caution. Further well-designed and stratified cohort studies should be conducted to quantitatively assess the relationship between dietary vitamin K intake and risk of total fractures in men and women, respectively.
Conclusion
Results from this meta-analysis indicate that intake of dietary vitamin K is significantly associated with reduced risk of fractures. Our meta-analysis offers an additional evidence on the relationship between dietary vitamin K intake and risk of fractures. The benefit of vitamin K should be confirmed in future well-designed prospective cohort studies and clinical trials.
